We report the discovery of 23 lithium-rich post-main-sequence stars, identified from moderateresolution SDSS spectroscopy and confirmed with high-resolution spectra taken at the HobbyEberly Telescope. These new Li-rich stars cover a broad range in mass and evolutionary phase, including bright giants and post-AGB stars. The process responsible for preserving or producing excess lithium in a small fraction of evolved stars remains unclear.
Introduction
Lithium in the Universe is an intriguing subject of study, because there is less of it in stars than standard big bang nucleosynthesis predicts [10] [5] , while roughly 1% of post-main-sequence stars have significantly more lithium than models of stellar evolution predict [2] . It is produced in a sub-cycle of the proton-proton chain, but it is quickly destroyed at temperatures above 2.6 × 10 6 K because its cross section to proton capture is quite large.
The first Li-rich red giant was discovered serendipitously [14] , and later studies showed that they are quite rare [12] . Six independent studies in the past three years [4] [6][13] [11] [8] [7] have identified 47 new Li-rich post-main-sequence stars, in the Milky Way and in Local Group dwarf galaxies. These stars cover a broad range of parameters and abundances, from very low-metallicity RGB stars in Local Group dwarf galaxies to Solar-metallicity RGB stars in the Galactic bulge. This heterogeneity is a challenge for existing models of Li production, and it is unclear what process or processes are responsible.
The observational data set
We initially selected 8535 stars from the seventh data release [3] of the Sloan Digital Sky Survey (SDSS DR7), requiring that the stars have gravity near or below the gravity of the "bump" in the RGB luminosity function, and that the spectra and the derived stellar parameters be relatively clean (signal-to-noise ratio per pixel above 40, σ [Fe/H] ≤ 0.3, σ log(g) ≤ 0.5). For each of those spectra, we measured the index S(Li):
A larger index value indicates stronger absorption in the 6708Å Li line. S(Li) is a mild function of both effective temperature and metallicity, so we selected stars that are outliers in both parameters simultaneously as potential followup candidates. Figure 1 shows the distributions of T e f f and [Fe/H] for our initial data set, and the 162 stars with relatively strong S(Li) are shown as open blue triangles.
We then selected 36 likely-looking candidates for high-resolution followup spectroscopy using the Hobby-Eberly Telescope at McDonald Observatory. For 23 of those, the spectra we obtained were of sufficient quality to allow us to determine effective temperatures, gravities, metallicities and lithium abundances. All 23 of these stars have logε(Li)≥ 1.9, with the majority above 2.5 and a few as high as 4.5. Figure 3 shows the locations of our 23 Li-rich stars in the T e f f -log(g) plane, with representative isochrones overplotted. There are lower-RGB stars (green squares), intermediate-age red clump stars (purple circles), low-mass RGB stars (blue triangles) and post-AGB stars (black crosses). It has been suggested [2] that the onset of deep mixing [9] [1], the point in RGB evolution when the H-burning shell encounters the µ-discontinuity left behind at the end of first dredge-up, is related to a brief phase of lithium production. This happens at the RGB bump for low-mass stars, and at the red clump for intermediate-mass stars. Many of our stars are near the RGB bump or the red clump, but some are brighter giants and post-AGB stars, and their lithium abundances cannot be explained as an effect of the onset of deep mixing.
Discussion
We agree with [7] that Li-rich field giants are perfectly normal stars in most respects, but based on this data we must disagree with their conclusion that the onset of deep mixing produces a brief phase of Li enrichment in all stars. Such a universal process would imply that Li-rich stars should only be found near the RGB bump or the red clump, which they are not. We propose instead that deep mixing is capable of producing Li enrichment at any point above the RGB bump, based on thermohaline mixing models (A. Karakas, private communication). This does not explain what triggers a phase of Li production, but does fit comfortably with the the wide range of evolutionary phase that Li-rich stars occupy, and the short duration of the phase, which is inferred from the rarity of these stars.
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